Introduction
Thyroid-associated orbitopathy (TAO) is an autoimmune condition of the orbit which is closely associated with Graves' hyperthyroidism, although either condition may exist without the other. It may antedate, coincide with or follow hyperthyroidism (1±10). Assessment of the frequency of the association depends on the method used for detecting TAO; with sensitive methods subclinical TAO can be demonstrated in 70% of patients with hyperthyroidism. The clinical features of the disorder vary from a mild grittiness of the eyes to severe diplopia, loss of vision and dis®guring proptosis. The most obvious pathological change within the orbit is the enlargement of extraocular muscles (11±13). In most cases microscopy reveals that the muscle ®bres are preserved and the increase in muscle bulk re¯ects changes in the connective tissue: ®broblasts are very numerous, there is lymphocyte in®ltration, an excessive deposition of collagen and of glycosaminoglycans (gag) which lead to interstitial oedema (14±22). A role for cytokines in TAO (23) seems likely: it may be that the autoimmune response evokes the local production within the orbit of cytokines which cause ®broblast stimulation and hence the production of collagen and gag (24±28). The muscles most frequently affected are the medial and inferior recti. Functionally, the effect is of tightness or contraction of the muscles, and thus the patient may experience dif®culty with upward or lateral gaze. The increased bulk of the muscles and of orbital connective tissue leads to an increase in pressure within the orbit, which results in some cases in proptosis, and in other cases, where the tissues at the apex of the orbit are involved, in optic neuropathy and disc oedema.
There is a natural tendency towards spontaneous improvement: the spontaneous course depicts an active phase which slowly abates, after which an inactive phase ensues (29) , which may still be associated with ophthalmic abnormalities. Although sparse, there are histology data to support this idea of active and inactive disease phases (30, 31) . The orbital tissues are oedematous in patients with early disease, whereas patients with longstanding TAO have ®brous tissues. On histological examination, early disease was associated with a mononuclear cell in®ltrate, while in the late stages only dense collagen scar tissue was found. In addition to macrophages and T-and B-lymphocytes, granulated mast cells may be present. Thus, there seems to be consensus that oedema with a lymphocyte in®ltrate of the orbital tissues characterizes the active stage, whereas ®brosis can be seen during all stages but is much more abundant in inactive TAO. This natural course has been the basis for the initiation of immunomodulatory therapies (32±36). They are aimed at the oedematous, lymphocyte in®ltration and the activated ®broblasts. Medical treatment will only be effective during the active phase and should not be given to patients with inactive TAO. In contrast, it is generally recommended that rehabilitative surgery should only be done on patients with inactive TAO (37, 38) .
Imaging procedures in TAO
Differential diagnosis of TAO includes lymphoma, metastasis, tumours of the nasal cavity or sinuses, and ®stula of the carotid sinus cavernous. However, the major differential diagnosis of TAO is myositis, a local form of the orbital pseudotumour. This non-speci®c, in¯ammatory condition may involve every orbital structure to a different extent. Enlargement of the muscle, including the tendon, is characteristic for this in¯ammation; the isolated orbital pseudotumour shows no preference for a muscle group. With respect to diagnostic procedures as well as follow-up after speci®c conservative and/or surgical treatment, imaging with computed tomography (CT), magnetic resonance imaging (MRI), orbital ultrasound (US), and somatostatin receptor scintigraphy with the radiolabelled somatostatin analogue Octreotide (`octreoscan') plays an important role in the interdisciplinary management of subjects with TAO. CT and MRI, especially, show the actual objective morphological ®ndings (39±41), quantitative MRI giving additional information concerning the acuteness or chronicity of the disease. Major morphological diagnostic criteria include a spindle-like spreading of the recti muscles (.4 mm) without involvement of the tendon, a compression of the optic nerve in the orbital apex (crowded orbital apex syndrome) and the absence of any space occupying intraorbital process. A longer lasting course of the disease may lead to a corresponding impression of the lamina papyracae, the normally parallel con®gured medial wall of the orbit, similar to a spontaneous decompression.
Recently, members of the European Thyroid Association (ETA) were invited to answer a questionnaire to determine how expert thyroidologists assess and treat TAO (42) . Eighty-four responses were received from nineteen European countries, representing approximately 60% of the clinically active ETA members. Marked geographical variation was noted, particularly in the treatment of TAO. Observed consensus was nation-wide rather than Europe-wide. For imaging of TAO, major differences in investigation usage between European countries were registered. CT scans were used by 32% of German centres, which conducted the most MRI scans (50%). In Denmark and The Netherlands, 88 and 100% respectively used CT scans compared with 13 and 0% for MRI scans. Octreoscans were performed only in Austria, Belgium, Germany, Italy, The Netherlands, and Poland. Eighteen centres used CT plus either MRI or US, 5 used CT and MRI and 5 used octreoscan plus either CT or MRI. All in all, CT scan, MRI, US, and octreoscan were used in 65, 34, 28, and 7% of centres respectively. In the following review, detailed descriptions of the actual imaging techniques and their clinical applications will be discussed.
Computed tomography (CT)
Technique CT can distinguish normal and abnormal structures of different tissue density on the basis of differential X-ray absorption. Orbital fat absorbs X-rays to a lesser degree than water; it is imaged in CT as a black, low-density area that contrasts with the higher-density image of extraocular muscles and the optic nerve (43±45). The presence of orbital fat allows high spatial and density resolution of orbital structures. Inherent tissue differences in the orbit obviate the need for intravenous contrast unless a patient presents with visual loss. After digital recording, data are converted via an arithmetic procedure into different grey scales. In comparison to the isodense brain, tissue such as bone with high absorption values is called hyperdense, while low absorbing tissue such as water or fat are hypodense. Orbital CT scans are routinely performed using 1-to 2-mm thick sections at 2-mm intervals in the axial plane. Individual volume elements obtained from these axial slices can be reformatted in any plane to produce coronal, sagittal, paraxial, or parasagittal oblique images. In contrast to direct coronal scans, sagittal and coronal reformations avoid high spatial frequency artefacts from dental appliances and other metal implants. Multiplan reformations enable a lesion to be viewed in the optimum anatomic plane and its location to be assessed relative to contiguous orbital, bone, sinus, and central nervous system structures. Axial CT examination of the orbit should be prepared in a line parallel to the infra-orbital±meatal line, a line between the upper part of the external acoustic meatus and the orbital¯oor, which guarantees images parallel to the orbital axis and a common visualization of the intraorbital course of the optic nerve with the medial muscle in one slice. Modern CT equipment enables application of spiral technique (simultaneous X-ray exposition and de®ned table movement) of 2/3 mm slice-thickness and distance respectively. A coronary projection perpendicular to the skull base is necessary in order to de®ne the involvement of the inferior and/or superior rectus muscles. During CT examination, one should recognize the lens as being one of the most sensitive organs. In axial examination parallel to the orbital axis, the lens is in the centre and the radiation dosage is comparable to a conventional tomography of the orbit. Depending on the slice thickness (2±3 mm) and table movement, the total lens dose may vary from 40.3 to 41.5 mSv per slice. The threshold dose for a cataract is the equivalent of a dose of 0.5 Sv for a single exposure, keeping in mind a latency of up to 25 years after X-ray exposition, but the cumulative effects of the radiation (45) (Fig. 1) .
Clinical applications
Orbital surgeons rely primarily on CT and MRI for diagnosis of orbital disease. In TAO the imaging pattern is relatively characteristic: the extraocular muscles appear to be the primary area of orbital involvement, while others suggest that fat and muscle volume is increased (46±48). The lachrymal gland can occasionally be enlarged. Among patients with TAO, fat volumes as high as 22 ml and muscle volumes as great as 21.5 ml were recorded. The error rate in these measurements was 1%±7% depending on the relative size of the volume measured. Forbes et al. (49±51) found the mean volume of normal extraocular muscles to be 4.69 ml (range 3.66±6.2 ml) in females and 4.79 ml (3.07±6.18 ml) in males. For orbital fat, the ®gures were 10.1 ml (8.2±12.2 ml) in females and 11.19 (8.6±14 ml) in males. Extraocular muscle enlargement can be asymmetric in as many as 30% of the cases. In a series of 116 patients with Graves' disease, de®nite enlargement of extraocular muscles was noted in 85% of cases (52) . The inferior rectus was enlarged in 77%, the superior in 51%, and the lateral rectus in 80% of patients. In another series of 80 CT examinations of TAO patients, the inferior rectus was enlarged in 60%, the medial in 50%, the superior in 40%, and the lateral in 22% of cases. In a Japanese CT scan study on 349 thyroid patients (53) the inferior rectus was enlarged in 43%, the medial in 38%, the superior in 29%, and the lateral in 16% of cases. One muscle was enlarged in 31%, two muscles in 25%, three muscles in 24%, and all four recti in 21% of patients with ocular involvement. In most studies, CT ®ndings have correlated with clinical impressions of the severity of extraocular muscle enlargement. Bilateral orbital involvement on CT scans is noted in approximately 50±75% of patients presenting with unilateral eye ®ndings. Unlike patients with orbital myositis or orbital pseudotumour, evidence of muscle involvement on CT of TAO is usually limited to the nontendonous portion of the muscle. Often several muscles are enlarged, especially at the orbital apex. The use of reformation improves delineation of the recti muscle involvement. Nevertheless, in a few TAO patients there is no evidence of an orbital mass; axial CT may demonstrate an enlarged inferior rectus muscle that can simulate an apical neoplasm. CT is also useful to delineate the aetiology of decreased vision. Several investigators have noted that increased extraocular muscle volume or area on CT correlates with compressive optic neuropathy (54±56). The area of the medial rectus muscle on a mid-axial scan also correlated with total muscle volume r 0X88 and can be used to predict possible optic nerve compression. Other ®ndings that may be noted on CT are a dilated superior ophthalmic vein and abrupt angulations of the posterior muscle belly. An additional sign of nerve compression is intracranial fat prolapse (9; Table 1 ).
Nevertheless, MR scans show the optic nerve compression better than CT evaluation.
Magnetic resonance imaging (MRI)

Technique
Hydrogen nuclei with an odd number of nucleons (protons and neutrons) behave as small magnets or dipoles. Protons are ubiquitous, and their resonance is the basis of MRI techniques (45, 57, 58) . Imaging with MR represents free moving protons of a given tissue, producing energy (read as signals) while returning into their primary position in a high magnetic ®eld after de¯ection by a high frequency pulse. Bright signals are de®ned as hyperintensity, while low signal areas are de®ned as hypointensity to signal void of complete loss of signal. When the orbit is placed in a magnetic ®eld there is a net alignment of protons. When exposed to radio-frequency (RF) excitation there is a reversal of polarity of some of these hydrogen nuclei, and they are raised to a higher energy level. When the RF is terminated, the protons return to the baseline polarity, and the emitted energy can be measured. This is called T1 relaxation (T1) and is best measured immediately after RF termination. Exposure to RF excitation also initiates a uniform synchronous precession, or spin, among the protons. When the RF is terminated, this precession diminishes at differing rates for protons in different molecular environments. The energy emission measured from this event is called T2 relaxation time (T2). Since the RF-initiated events depend on the frequency and magnetic ®eld strength, the location of these events in three-dimensional space can be determined by imposing a gradient (approximately 0.1 tesla (T) per centimetre on the magnetic ®eld and varying the RF). Optimal current strength for clinical imaging is 1.5 T, currently used scanners range from 0.15±4.5 T. Orbital anatomic detail is obtained with surface coils and thin section scans. A basic rule for MRI is that T1 weighted (T1w) images are best for anatomic structure, while T2w sequences give more information about the different tissue composition. The advantage of MRI is the ability to view several (axial, coronal, sagital) angles without movement of the patient. T1w axial and coronal sequences give an overview of the extent of the disease, concerning globe proptosis and involvement of the different recti muscles. In a few cases, application of gadolinium, the MRcontrast agent may help in better delineation of fatty degeneration, when applied with fat suppressed sequences. Fat suppression enables the differentiation of the intense signal enhancement of the recti muscles, which otherwise would look as intense as fat tissue. Slice thickness should not be less than 3 mm. Fat suppression performed in the coronal view increase MRI sensitivity for different proton concentrations. Orbital fat that has a short T1 and medium T2 will produce a strong signal. Muscle is intermediate in signal intensity; vitreous has long T1 and T2, cortical bone is displayed as black as there is no mobile hydrogen and therefore no MR signal. Soft-tissue spatial resolution obtainable with MRI is greater than that obtained with high-resolution CT and shows greater tissue contrast (Fig. 2) .
Clinical applications
MRI estimates disease activity although cost and availability are current limitations of this modality. Pulse sequences that examine T2 can estimate the water content of tissues. When examining the extraocular muscles, normal T2 might imply burned out, ®brotic disease with low water content, whereas prolonged T2 might suggest ongoing in¯ammation with tissue oedema possibly amenable to immunosuppression or radiotherapy. Using a 0.28 T magnet, a correlation between T2 and response to treatment was reported. Comparing the extraocular muscle signal to control tissues, two studies found that a high T2 was associated with disease activity (59, 60) . A signi®cant correlation between T2 of eye muscle and that of orbital connective tissue was demonstrated, indicating that a common mechanism may be involved in the pathogenesis of the muscle and connective tissue components of TAO. MRI of optic nerves also demonstrates www.eje.org compression better than CT, and delineation of compressive optic neuropathy is easier with MRI than CT (61; Table 2 ).
In®ltration of orbital tissue by lymphocytes leads to ®broblast stimulation and consequently increased gag production. By binding large amounts of water, gag cause oedema, resulting in an increased volume. Therefore, increased water content of thickened extraocular muscles is most likely the cause of elevated T2. Reversibility of thickness and relaxation times in muscles with primarily elevated T2 can be explained as a therapy-induced decrease of water content. In numerous studies, TAO patients with primarily elevated T2 of extraocular muscles showed better response to medical therapy with respect to change in muscle thickening than those with primarily normal T2 (62) . In a controlled study, muscles with primarily elevated T2 showed marked reduction of T2 by 30%, and muscle area by 32% after immunosuppressive therapy (58) . At the end of therapy, a reduction of more than 30% or normalization of muscle area occurred in 50% of muscles with primarily enhanced T2. In contrast, thickened muscles with primarily normal T2 only exhibited a slight decrease of muscle area. The predicted probability of response to treatment increased with increased mean T2 of extraocular muscles prior to therapy (63) . Of the subjects undergoing medical treatment, only those with markedly prolonged T2 showed an impressive response. Recently, long-term follow-up data of a large number of patients with severe TAO who were monitored by MRI before and after therapy with the immunosuppressive drug, Ciclosporin, were reported (64). In these patients there was a correlation between decrease in T2 of the rectus muscles and response to Ciclosporin treatment. In addition, the in®ltrative eye signs improved in correlation with T2, muscle thickness and intraocular pressure. Thus, the major result of these studies is the relationship between response to therapy and pretherapeutic T2 times. Therefore, measurement of elevated T2 might play a role in the prediction of the reversibility of muscle thickening and favours the choice of antiin¯ammatory therapy regimens in these patients. T2 of the rectus muscles also signi®cantly correlated with orbital accumulation of the radiolabelled Octreotide in untreated subjects with active TAO, suggesting similar prognostic and therapeutic implications (65) .
Ultrasound (US)
Technique US is usually performed with A-scan, B-scan, or both (66±69). Using a standardized unit, A-scan is used to assess tissue characteristics based upon re¯ected acoustic waves. Re¯ectivity in the extraocular muscles may change as a function of tissue oedema and cellular in®ltration. For example, a low re¯ectivity on A-scan may be a valid means of assessing activity of disease. Immersion B-scan is the easiest image for the nonultrasonographer to visualize and is also most useful for determining if individual recti muscles are enlarged (measuring the maximum diameter of the eye muscles). Maximal muscle thickness above the 95th percentile, or a variance of more than 0.5 mm between the same muscles in the two orbits, is consistent with the diagnosis of TAO. The probe is directed towards the widest portion of the muscle. The width of the echographic envelope can be measured directly. In the hands of an experienced orbital ultrasonographer, the test is relatively reliable, accessible, and inexpensive. Byrne et al. (70) have completed a careful assessment of extraocular muscle dimensions as measured by A-and B-mode echography using modern instrumentation. Healthy extraocular muscles ranged in diameter from 2X6^0X5 mm for the inferior rectus to 5X3^0X7 mm for the levator complex. Diameter of contralateral muscles varied by as much as 0.8 mm.
On the other hand, a wide range of normal values for the different eye muscles has been reported. The nongeometric pattern of muscle enlargement can produce measurement errors on repeat US evaluations. When US measurements of muscle thickness were compared with MRI data, the accuracy of US was signi®cantly less, and this problem was worse in muscles other than the inferior rectus (71) . The authors compared A-mode with MRI in 20 patients. Maximum transverse diameter of each rectus muscle was determined by each method in 39 orbits. Linear regression of individual US against MRI showed coef®cients of determination moderate (0.29) for inferior recti muscles and low (0.11) for other recti muscles. Further errors in using a cross-sectional approach are derived from the oval rather than round cross section of the muscles, and because the maximum thickness occurs only over a limited anteroposterior distance in the orbit. This makes it dif®cult for the ultrasonographer to orient the beam so that it is exactly perpendicular to the muscle at the point of interest. These physical limitations of the US approach may account for the wide difference in published norms for transverse diameter of the recti. For the medial rectus muscle these range from the 95th percentile values of 6.08 to ,3.6 indicating not only the inherent variability of US measurements but also differences in technique between investigators. The source of this discrepancy is uncertain, since both techniques are subject to imaging artefacts. In the high-resolution MR images, the muscles had a teardrop shape; perhaps the widest part of the extraocular muscle is not consistently imaged with the US technique. Thus, those operators experienced in the performance and interpretation of the study do the best US examinations. The relative rarity of experienced ultrasonographers also limits the utility of this method.
In clinical practice, US is a cost-effective screening test for the evaluation of TAO patients ( Table 3 ). The detection of extraocular muscle defects with US is more sensitive than is clinical examination (66) . In one study, while enlargement of extraocular muscles was only noted clinically in 12% of patients, on US this was detected in 95% of cases. In a further study, 20 of 32 patients (63%) without clinical TAO had B-scan evidence of muscle enlargement. Enlarged optic nerves are rarely noted, usually in association with optic neuropathy. US is also an objective means for monitoring anterior and midorbital therapeutic response, although it does not add to clinical data suf®ciently to be worthwhile. Erickson et al. (72) have proposed serial US as a suitable method to follow the changes after radiotherapy. With combined A-and B-scan, they claimed that there was 99% accuracy in diagnosing TAO and that the muscle thickness can be ascertained with an accuracy of^0.75 mm. On the other hand, there is suf®cient variability in A-scan data to limit its patent use to determine whether ®brosis has developed. Internal re¯ectivity of the sound beam was found to be low in subjects with active TAO, presumably due to oedema, whereas the re¯ectivity was high and irregular in inactive patients, due to ®brotic echogenic scar tissue. In a preliminary study in 16 patients (73) the method seemed promising: positive and negative predictive values (PV) of 73 and 100% respectively were noted (re¯ectivity of 40% or less). However, after testing a further 56 TAO patients, results were rather disappointing: negative PV being only 60% (3).
Orbital MRI and US were performed in 43 patients with TAO with recently developed diplopia (74) . No correlation was found between the diameters of 233 extraocular muscles measured by MRI and US. For each of the four muscles, there was a diameter above which US was always unreliable. Neither US, nor any combination of 11 clinical and laboratory parameters provided the degree of information on muscles and connective tissue that was obtainable by MRI. Finally, although orbital US has many advantages, it cannot effectively display the muscles at the apex of the orbit where compression of the optic nerve commonly occurs. US is not as effective as CT in delineating the relationship of orbital pathology to contiguous structures, nor is it reliable in imaging lesions of either the posterior orbit, or those involving the bone walls (75) .
Colour Doppler studies have also been performed in TAO. Colour Doppler imaging makes it possible to assess blood¯ow velocity of orbital vessels and allows detection of changes in the perfusion of orbital arteries and veins. At our institution, 23 subjects with TAO were examined using colour Doppler (76) . Compared with controls,¯ow velocity in the right ophthalmic artery was markedly enhanced in subjects with clinically active TAO. Furthermore, maximal blood ow velocity in the superior orbital vein was signi®-cantly decreased in TAO subjects versus controls and reduced venous out¯ow in the superior orbital vein correlated with the severity of TAO. Thus, reduced Table 3 Ultrasound.
Advantages
Cost effective screening test (,100 German Marks) Detection of extraocular muscle defects with US is more sensitive than clinical examination and immersion B-scan easiest image to visualize enlarged extraocular muscles Short investigation time (15 min 
Disadvantages
Not as effective as CT in delineating the relationship of orbital pathology to contiguous structures, nor is it reliable in imaging lesions of the posterior orbit, nor those involving the bone walls Accuracy of muscle measurements signi®cantly less than MRI Accuracy: investigator dependent Does not add suf®ciently to clinical data as to be worthwhile
Indications
If a patient is suspected of having TAO, orbital US may be used to con®rm the diagnosis Follow-up by same observer (prospective clinical studies)?
Findings suggestive of TAO B-scan Widening of echo-free area between orbital fat and bone Increased delineation of extraocular muscle margin Posterior scalloped/indented orbital fat secondary to muscle enlargement Doubling' of optic nerve sheath in optic neuropathy No detectable neoplasm A-scan Extraocular recti muscle enlargement .95th percentile venous out¯ow may contribute to proptosis by creating per venous oedema and consequent swelling of orbital fat.
Octreoscan Technique
Octreotide, a somatostatin (SM) analogue labelled with indium has been used to localize tumours which possess membrane receptors for SM in vivo (77±80) and to predict the inhibitory effect of Octreotide on hormone secretion by the tumours. By applying octreoscan, accumulation of the radionuclide was also detected both in the thyroid and orbit of patients with Graves' disease. Radionuclide accumulation is most probably due to the presence of activated SM receptors bearing lymphocytes. Alternative explanations are binding to receptors on other cell types (myoblasts, ®broblasts, endothelial cells) or local blood pooling due to venous stasis by the orbital in¯amma-tion. Wide differences exist regarding the administered dose of radionuclide, the time interval after injection for determining the orbital uptake, the selection of orbital slices for quanti®cation of the orbital uptake, and the method of correction for background radioactivity (81±84). Earlier studies used rather large doses and preferred to measure orbital uptake 24 h postinjection, while later studies administered lower doses and measured orbital uptake only 2 h postinjection, arguing that the low dose decreases the radiation burden and the cost of examination. Nevertheless, a low dose might cause problems in count statistics, and at 2 h postinjection 12% of the dose is still in the blood pool causing high background uptake. Furthermore, the radiation burden received from a high dose of 222 Mbq is 16 mSV, in the same order as that from chest CT or angiography. The inference is that for discrimination purposes a 4-h time interval is preferred when a low dose is chosen. However, any remaining orbital radioactivity 24 h after administering a high dose might represent a greater degree of speci®c tissue binding, possibly enhancing both the differential diagnostic and predictive value of octreoscan. Another technical problem is the selection of regions of interest (ROI), which may result in considerable intra-and inter-observer variation. Single photon emission computed tomography (SPECT) images are obviously required and measuring uptake in a number of orbital slices from SPECT images is of great advantage in the quanti®cation of the results. Since parts of the radioactivity in the left temporal skull area may be due to uptake in the parotid gland, background measurements in the occipital skull area are recommended. The brain itself is used to measure background but for most investigators it seems less suitable to correct for blood pool radioactivity (80) . Recently, analysis of inter-/intra-observer variance and reproducibility in the evaluation of orbital SPECT images was performed (85) . For the right and the left orbit, the inter-observer variance proportion was 90 and 79% respectively, whereas intra-observer variance partition was 10 and 21% respectively. The overall reliability was 84%, intra-observer reliability was 88± 98%, and observer reproducibility was 94%. Evaluations of orbital octreoscan have to be carried out by the same experienced observer, leading to comparable data. At our institution, an automatic and quantitative computerized technique has been established. Standardized 3 dimensional (3-D) orbital volumes of interest (VOI) were generated on MRI of normal subjects (86) . After position-orientation on a standard MRI data set, SPECT data were evaluated by automatic superimposition with the size-adapted VOIs. Radionuclide activity was measured as uptake (%) of injected tracer activity. Advantages of this new 3-D technique are the accurate quantitative determination of the orbital uptake as well as the independence of observer variation. Cross sectional and longitudinal studies in patients with Graves' disease showed that a high uptake of radiolabelled Octreotide correlated with orbital in¯am-mation and active hyperthyroidism (65, 87±89) ( Table 4 ). In vivo imaging of SM receptors by the radionuclide as a sensitive nuclear medicine technique and a high positive predictive value was able to select those patients who might bene®t from treatment with immunosuppressive agents. Furthermore, in the followup of these patients, the change in Octreotide binding during medical therapy points to the fact that this type of scanning can be used to monitor the effects of treatment. Krenning and colleagues have also performed octreoscan in patients with Graves' disease and in controls (90) . Thyroidal Octreotide accumulation was increased in thyrotoxicosis, and was almost absent after radioiodine-induced hypothyroidism. A correlation between thyroidal Octreotide accumulation and free thyroxine (disease expression) and thyroid binding-inhibiting immunoglobulins (disease activity) was present in untreated Graves' disease. Orbital Octreotide uptake was signi®cantly higher in patients with active TAO compared with those with slight TAO, and enhanced orbital radionuclide activity decreased after therapy. A correlation between orbital Octreotide uptake and the clinical score (disease activity) and total eye score (disease expression) was noted. High pretreatment orbital uptake correlated with a response to radiotherapy. Results of octreoscan in TAO patients correlated with clinical activity scores as well as with T2 of extraocular recti muscles (65, 91) . The ability of this scintigraphic method to detect active eye involvement as compared with a purely clinical evaluation was also looked at, and a correlation between both methods was noted. All patients with highly active TAO were clearly identi®ed by both procedures. Positive scans were also seen even under steroid therapy indicating persistent active disease, whereas patients with disease of long duration were negative. Moncayo et al. (92) reported that successful immunoglobulin therapy signi®cantly decreased in¯ammatory eye signs, clinical activity of the disease, and orbital radionuclide accumulation.
Octreotide has been reported to have a bene®cial effect in TAO, probably by modulating lymphocyte responsiveness and gag production. In a placebocontrolled study, 12 TAO patients received 0.3 mg Octreotide daily for 12 weeks (93) . The seven patients who showed amelioration in ocular manifestation had positive orbital scans, while patients who did not respond had negative ones. None of the Graves' patients without clinically apparent TAO had a positive octreoscan. Successful therapy with SM analogues (94) was associated with a fall in orbital uptake. Thus, octreoscan is mainly indicated to select TAO patients who will bene®t from immunomodulation. To this end, one must know the predictive value of octreoscan for the outcome of immunosuppressive treatment. In one study, when a clinical improvement of TAO was considered after 3 months of Octreotide therapy, the positive and negative predictive values of octreoscan were 87 and 100% respectively. When Lanreotide was used, the positive predictive value was 90% (95) . In a recent paper (88), 14 of 16 TAO patients with an orbit/ brain radionuclide ratio .10 at 4 h postinjection, responded to steroid-or radio-therapy, compared with none of four patients with a ratio ,10. Regarding the evaluation of TAO activity, it was found that when a ratio .10 was chosen as the cut-off point, a sensitivity of 94% and a speci®city of 100% were given (Table 5) .
Conclusions
Orbital US, CT, as well as MRI are commonly used as imaging techniques to demonstrate pathological changes in ocular adnexa of patients with TAO. Low cost, short time of investigation and lack of radiation characterize orbital US, a technique which ought to be more widely used. Thus, where available, orbital US may be useful in diagnosis and also in evaluating the severity of eye muscle involvement. Nevertheless, a Because of a favourable target-to-background ratio, octreoscan carries a high sensitivity and may be regarded as a semi-objective tool in the evaluation of patients with Graves' orbital and thyroidal disease, both at the initial stages as well as during treatment. A positive orbital octreoscan indicates clinically active TAO in which immunosuppressive treatment might be of therapeutic bene®t. However, the following limitations restrict the widespread use of this technique. First, it is an expensive method with a non-negligible radiation burden. Secondly, it is non-speci®c, i.e. positive octreoscans may be obtained in patients with orbital diseases such as myositis and lymphoma. Thirdly, octreoscan does not permit detailed orbital imaging or evaluation of eye muscle swelling. Finally, in routine clinical practice, although time consuming, measurements of orbit/brain radionuclide ratios and T2-times (MRI) are de®nitely necessary to provide high accuracy for both procedures. To conclude, in unclear cases of proptosis or recently developed diplopia, prior to orbital decompression surgery, in the case of non-response to a conservative anti-in¯ammatory treatment or if, for any other reason, imaging is needed in subjects with TAO, MRI is the imaging method of choice.
